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Abstract
Objectives: Prevalences of bile duct injury (BDI) following laparoscopic cholecystectomy (LC) remain
unacceptably high. There is no standardized method for performing an LC. This study aims to describe
a standardized technique for LC that will allow for the development of a concept LC checklist, the use of
which, it is hoped, will decrease the prevalence of BDI.
Methods: A standardized method for LC was developed based on previously published expert analysis
supplemented by video error analysis of operations in which BDI occurred. Established checklist
methodology was then used to construct an LC-specific concept checklist.
Results: A five-step technique for the safe establishment of the critical view was created to guide the
development of the checklist. The five steps are: (i) confirm the gallbladder lies in the hepatic principal
plane and is retracted to the 10 o'clock position; (ii) confirm Hartmann's pouch is lifted up and toward the
segment IV pedicle; (iii) identify Rouvière's sulcus; (iv) confirm the release of the posterior leaf of the
peritoneum covering the hepatobiliary triangle, and (v) confirm the critical view with or without intra-
operative cholangiography.
Conclusions: A standardized approach to LC would allow for the creation of an LC-specific checklist
that has the potential to lower the prevalence of BDI.
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Introduction
Laparoscopic cholecystectomy (LC) is one of the most widely
performed general surgical operations. Its uptake into surgical
practice some 20 years ago was rapid, unregulated and associated
with an increase in the incidence and severity of bile duct injury
(BDI).1–4 Although the frequency of BDI is relatively low (<0.5%),
the large number of LCs performed across communities mean
prevalences remain unacceptably high.5
Bile duct injury is a catastrophic complication for the indi-
vidual patient, resulting in significant reductions in the quality
and quantity of life.6–9 However, there is no widely accepted stand-
ardized method for performing LC and over 70% of surgeons
regard BDI as an unavoidable complication associated with the
procedure.10 A change in attitude among surgeons is required if
improvements in patient care are to be achieved.
Several authors1,11–22 have studied the mechanism of BDI and
recommended a number of steps (Table 1) that may help to reduce
the risk of incurring BDI, but these have not led to a systematic
standardization of the technique of LC. Perhaps the most widely
accepted technique refers to the critical view popularized by
Strasberg et al.,14,15 although it is thought that up to 80% of BDIs
occur while the surgeon is attempting to safely establish the critical
view.11,23 Thus, the major issues concern misidentification and
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loss of awareness of the surroundings, which are subsequently
reinforced by cognitive fixation and plan continuation.11,20
Checklists have been used widely throughout many industries
to improve the completion of complex tasks, enhance communi-
cation and teamwork, and reduce error rates.24 Their recent intro-
duction into surgery includes the widespread adoption of the
World Health Organization (WHO) surgical checklist,25 which
has been shown to reduce postoperative mortality across a wide
range of hospitals and health systems internationally.25,26 Based on
this success, several specialties have begun to develop similar
tools.27,28
The present authors hypothesize that the development of a
standardized method for LC might provide the basis for a check-
list tool that will ultimately decrease the prevalence of BDI. The
principal objectives would be to improve communication among
the operating surgeon, assistant(s) and operating theatre staff, and
to provide a clear and systematic check of the key steps involved
in the safe completion of LC.
This paper therefore aims to set out a standard method for safe
LC based on the safe achievement of the critical view. It then
introduces a concept operation-specific checklist for LC.
Materials and methods
Previously published analyses of the mechanisms of BDI by rec-
ognized experts (Table 1) were reviewed. A critical appraisal of
videos of LC in which BDI occurred and of videos of LC without
BDI performed by surgeons who had recently incurred a BDI in
another case was carried out by one of the authors (SJC). The
critical steps leading to the BDI were identified by applying the
principles of objective error analysis as described by Troidl.13
Specifically, the investigating author repetitively explored ‘why’
the critical view14,15 had not been achieved safely and how it could
have been. This investigation specifically focused on manoeuvres
specific to LC and assumed the operating team possessed the
competence in generic skills required for safe laparoscopy and
the provision of competent patient care. The critical steps identi-
fied were then reviewed by three surgeons (TJH, TBH, LN), who
are recognized regional and international experts in the technical
aspects of LC, and the aetiology, management and prevention
of BDI.
The hepatobiliary triangle (Fig. 1) was defined as the space
delineated by three borders: the common hepatic duct; the cystic
duct, and the inferior border of the liver. This space is covered by
anterior and posterior layers of peritoneum. The contents include
the cystic artery and branches thereof and the cystic node. On
occasion, the right hepatic artery traverses this space. This defini-
tion differs from that of the triangle described by Calot.29 It is
incorrect and confusing to attach Calot’s name to the hepatobil-
iary triangle (also referred to by some authors as the ‘cystohepatic
triangle’), which is the surgically relevant anatomical area in LC.
Having defined a standardized method for LC, a concept check-
list was developed based on established checklist methodology.30
Results
Defining a standard method
This approach is set out in five parts. A visual explanation is
shown in a video available through a hepatopancreatobiliary
Table 1 Steps recommended to reduce risk for bile duct injury in
laparoscopic cholecystectomy (LC)
Step Reference(s)
Use a 30-degree scope 12
Use an experienced assistant 11
Ensure the lateral retraction of the fundus of the
gallbladder
12,13,15
Ensure dissection is lateral to the cystic node 12,15
Stay on the border of the gallbladder within the
window between the cystic artery and the cystic
duct
13,15
Dissect the cholecysto–cystic duct junction toward
the common bile duct
12,13,15
Avoid the use of diathermy 13
Release the anterior and posterior peritoneum 11,15
Use Rouvière's sulcus and the base of segment IV
as fixed landmarks to aid orientation
11,16,33
Avoid dissection on the left side of the
hepatoduodenal ligament
13,22
Ensure the routine use of intraoperative
cholangiography
1,12,19
Perform subtotal cholecystectomy rather than
fundus-first cholecystectomy in the event of a
hostile hepatobiliary triangle
17,18
Develop a culture of safety when performing LC 20–22
Figure 1 Landmarks of the hepatobiliary triangle. The grey area
shows the hepatobiliary triangle, bounded by the common hepatic
duct, cystic duct and inferior border of the liver. The smaller dark
grey area shows Calot's triangle, bounded by the cystic duct and
cystic artery and common hepatic duct
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virtual journal club.31 It is recommended that this video is
watched in conjunction with reading this article.
Confirm the gallbladder lies in the hepatic principal plane
and is retracted cephalad to the 10 o'clock position
Cephalad retraction of the gallbladder is the first step in facilitat-
ing visualization of the gallbladder. It is important that the fundus
of the gallbladder is displaced to the 10 o’clock position (Fig. 2a).
When combined with Step 2, this will expose the maximum
surface area of the posterior peritoneum of the hepatobiliary tri-
angle to the operating surgeon. If the fundus is pushed cephal-
ward, roughly parallel to the falciform ligament, the gallbladder
will be placed in the 12 o’clock position (Fig. 2b). This reduces the
surface area of the hepatobiliary triangle exposed posteriorly and
obliges the surgeon to operate ‘front on’ to the gallbladder–cystic
duct–common hepatic duct junction.
An important step in helping to achieve the 10 o’clock retrac-
tion involves ensuring that the lateral port is sited as far laterally as
possible when it is inserted through the abdominal wall. If it is
difficult to achieve this position as a result of underlying gallblad-
der neck obstruction, aspiration of the gallbladder may be helpful.
In the elective setting, in patients with significant hepatic steatosis,
a preoperative very low calorie diet should be considered in an
effort to reduce hepatic volume.32
Confirm the lifting and positioning of Hartmann's pouch
Hartmann’s pouch should be grasped and lifted up and across
toward the origin of the segment IV pedicle (Fig. 3). If this step is
prevented by a large impacted stone, it may be possible to ‘milk’
the stone back into the gallbladder or alternatively to open the
gallbladder and remove the stone.
Combining the retraction of Hartmann’s pouch with Step 1
maximizes the exposure of the posterior peritoneum of the
hepatobiliary triangle. Failure to perform this step and instead to
simply lift and push Hartmann’s pouch into the gallbladder
fossa will minimize the size of the hepatobiliary triangle exposed
to the surgeon. This will have two significant effects. Firstly,
it will force the surgeon to dissect the hepatobiliary triangle
‘front on’ even if a 30-degree scope is used. Secondly, combined
with the gallbladder’s retraction to the 12 o’clock position, this
creates a dangerous situation as the surgeon may be unaware of
the location of the junction between the cystic duct and the
common hepatic duct. This often obliges the surgeon to dissect
the anterior peritoneal surface of the hepatobiliary triangle first,
which may result in the inadvertent encirclement of the
common bile duct.
Identify Rouvière's sulcus
Often BDI occurs while the surgeon is trying to establish the
critical view.11 It is crucial that fixed extrabiliary landmarks are
identified early to locate the level at which it is appropriate to
commence dissection of the hepatobiliary triangle in order to
reduce the risk that the operating surgeon will become spatially
disoriented.11 Rouvière’s sulcus, which marks the level of the right
posterior portal pedicle, is such a landmark and is identifiable in at
least 80% of patients.33 When viewed laparoscopically from the
umbilicus with normal upward retraction of the gallbladder, an
(a)
(b)
Figure 2 (a) Retracting the gallbladder to the 10 o'clock position
assists in the eventual exposure of the posterior peritoneum cover-
ing the hepatobiliary triangle. (b) If the gallbladder is retracted
cephalward and medially (12 o'clock), the surgeon is obliged to
dissect the cystic duct front on
Figure 3 Hartmann's pouch should be lifted up and across toward
the segment IV pedicle to maximize the exposure of the posterior
peritoneum of the hepatobiliary triangle to the operating surgeon
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imaginary line drawn along the sulcus and carried across to the
base of segment IV shows the level ventral to which dissection is
‘safe’ and dorsal to which it is not (Fig. 4). The importance of
taking time to pull back the camera in order to observe the bigger
picture and to identify this landmark cannot be overemphasized.
This is especially true in the setting of severe acute cholecystitis, in
the presence of a shrunken fibrotic gallbladder (common after
endoscopic retrograde cholangiopancreatography), or if a large
stone impacted in Hartmann’s pouch is displacing the cystic duct.
Retracting the duodenum downward may help to visualize the
sulcus. It is important to note that vital structures can be drawn
above Rouvière’s line by excessive upward traction pulling
Hartmann’s pouch and the common bile duct anteriorly, by a
shrunken gallbladder with a fibrosed hepatobiliary triangle
or by displacement of the cystic duct by stones in Hartmann’s
pouch.
Confirm the release of the posterior leaf of the
peritoneum covering the hepatobiliary triangle
When checks 1–3 are completed, the posterior leaf of the peri-
toneum covering the hepatobiliary triangle is presented ‘face on’
to the surgeon; this is aided by the use of a 30-degree scope. This
simple but crucial approach allows the hepatobiliary triangle to
increase in size as the gallbladder is lifted away from the common
hepatic duct. As the dissection proceeds layer by layer close to the
gallbladder, the grasper holding Hartmann’s pouch can be repo-
sitioned to hold the under-surface of the gallbladder, thus ten-
sioning the tissue within the hepatobiliary triangle such that
further dissection will expose the posterior surface of the cystic
artery (Fig. 5). If diathermy is to be used for this dissection, it is
crucial that the surgeon is aware of the danger of collateral
damage to the common bile duct caused by arcing or indiscrimi-
nate use. In the acute setting, scissor dissection, blunt dissection
with a sucker or hydrodissection may well facilitate the develop-
ment of this plane. A small amount of bleeding may occur, but
this usually stops spontaneously. In the presence of chronic
inflammation and fibrosis, this plane may be difficult to dissect.
This should alert the surgeon to the consideration of whether it
is safe to continue laparoscopically or whether conversion to
 
 
 
 (a)
(b)
Figure 4 (a) Rouvière's sulcus (arrow) should be used as an extrabiliary landmark to guide the level of safe initial dissection [green in (b)].
(b) The imaginary line drawn between the sulcus and the base of segment IV indicates the level below which dissection should not occur
(red). (Modified with permission from Hugh et al.33)
Figure 5 The posterior peritoneum of the hepatobiliary triangle
should be released and dissection continued until the posterior
surface of the cystic artery can be seen (arrow)
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open surgery is advisable. This will be determined by the
surgeon’s experience in complex biliary surgery. Safe options
include opening the gallbladder, evacuating the stones, control-
ling the cystic duct from within and subsequently leaving a
drain.17 A fundus-first cholecystectomy in this setting is not rec-
ommended as it may result in extreme vasculobiliary injuries.18
Although this step is not common practice for most surgeons,
it is critical because the practice of approaching the posterior
wall first prevents the inadvertent encirclement of the common
bile duct.
Confirm the critical view and consider
intraoperative cholangiography
Once posterior dissection is completed, traction on the fundus
can be adjusted, Hartmann’s grasper repositioned with traction
laterally and inferiorly, and the view of the angled scope adjusted.
The anterior leaf of the peritoneum covering the surface of the
hepatobiliary triangle can now be dissected from an anterior
aspect. By staying close to the gallbladder lateral to the cystic node
and sometimes repeating the dissection from the posterior view,
the critical view may safely be established. This has usually
Rouvière's 
sulcus 
Figure 6 The critical view should be confirmed with the assistant. In these photographs, the gallbladder has been dissected off the cystic
plate and only the dissected cystic artery and duct are visible within the hepatobiliary triangle
a1 
a2 
a3 
a4 
(a) (b)
Figure 7 If intraoperative cholangiography (IOC) is performed, critical analysis using the IOC checklist should be applied. (a) This
should confirm the presence of three hepatic ducts (right anterior, right posterior, left main) (a1), the filling of the duodenum (a2), the
absence of filling defects (a3), and the presence of a cystic duct as indicated by the presence of spiral valves. In this cholangiogram
the anatomy appears complete, but note the absence of the cystic duct and the cannulation of the common bile duct (a4), resulting in
significant bile duct injury. (b) If present, the spiral valves in the cystic duct (arrow) may provide useful confirmation that the correct duct has
been cannulated
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Figure 8 Proposed format for a laparoscopic cholecystectomy checklist
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required the anterior and posterior peritoneum over the lower
third of the gallbladder to be released.
Confirmation of the critical view should be achieved before the
performance of intraoperative cholangiography (IOC). Those
surgeons competent in IOC who wish to use a selective approach
to IOC may replace this step by reconfirming the critical view with
the assistant prior to clipping the cystic artery and duct (Fig. 6).
The correct interpretation of an IOC requires the identification11
of five features: (i) duodenal flow; (ii) proximal filling of the
common bile duct; (iii) three proximal hepatic ducts (right ante-
rior, posterior sectoral and left main ducts); (iv) absence of filling
defects within the common bile duct, and (v) the presence of
spiral valves within the cystic duct. Although these are not always
visualized on IOC, these features, when present, offer useful con-
firmation that it is the cystic duct that has been cannulated
(Fig. 7).
To optimize the filling of the proximal ducts, the patient should
be positioned head and right side down (opposite to the operating
position). In addition, care should be taken not to feed the cath-
eter too far into the common bile duct, which will result in the exit
of dye straight into the duodenum. If flow into the duodenum
does not occur, 1 mg glucagon may be administered i.v. to induce
relaxation of the biliary sphincter. If the spiral cystic duct valves
are not visualized, attempts to withdraw the catheter slowly may
encourage the filling of the cystic duct.
A concept checklist
The concept checklist (Fig. 8) was constructed around three pause
points. The first is a natural pause pre-incision and concurs with
the WHO Surgical Safety Checklist.25 Its function is to alert the
surgeon to patients who may be at high risk for BDI and to
establish clear communication within the team. The second
occurs pre-dissection, and requires a conscious halt in operative
flow to establish the critical view. The third occurs at what is often
a natural pause point when IOC is used. It reminds the surgeon to
confirm the critical view if IOC is not used, and also sets out five
factors that should be confirmed on IOC.
Discussion
After more than two decades of experience with LC, the incidence
and prevalence of iatrogenic BDI remain unacceptably high.5,34
Despite this, there is no widely accepted standardized method
for performing LC and over 70% of surgeons regard BDI as an
unavoidable complication associated with the procedure.10
This paper outlines a standardized method for performing LC
and challenges the assumption that BDI is an unavoidable com-
plication. In fact, the profession should expect and aim for a 0%
rate of BDI. Such seemingly radical targets have been met in other
areas of medicine, most notably in the elimination of central line
infections in several intensive care units.35
The present authors propose a checklist for LC that aims to
promote a defined standard approach. Adherence to this checklist
should allow the critical view to be achieved safely. If the checklist
cannot be completed, this failure should indicate that it is danger-
ous to persist and should prompt a ‘stop’ that generates an alter-
native approach. The checklist is designed to help overcome the
psychological factors associated with BDI20 by involving a third
party (such as when the operating surgeon seeks confirmation
from the assistant or another surgeon) and by creating heightened
awareness of the possibility of BDI when the information available
suggests a deviation from the norm; it thus supports the adoption
of a culture of safety.21
In addition, such checklists may improve teamwork and com-
munication. However, much of the success of a checklist lies in its
implementation. Buy-in on the part of the surgeon, assistant and
nursing staff is essential; this is achieved by their early engagement
and involvement in design. The issues of who will run the check-
list and what physical form it should take must also be considered.
This is ultimately a concept checklist and requires further refine-
ment and rapid-cycle testing in order to better elucidate its usabil-
ity and feasibility. The present authors aim to undertake this
process and then to conduct a pilot study that explores pre- and
post-implementation compliance with the assistance of video
analysis.
High-level evidence suggests that the use of IOC is associated
with reduced incidence and severity, and increased intraoperative
recognition, of BDI.1,5,19,34,36 Despite this, perhaps no single tech-
nical issue in a general surgical procedure has generated as much
controversy as IOC. However, IOC will not prevent the occurrence
of all BDI.11 It has also been shown that IOCs may often be
misinterpreted.37 Nonetheless, at a population level routine IOC is
likely to be cost-effective.38 Such debate should not be allowed to
distract from the main aim of this paper. The use of IOC is
included because it would seem mandatory that a surgeon is
competent in performing and interpreting an IOC.
In conclusion, the current incidence of BDI following LC
remains unacceptably high. The profession needs to develop a
standardized approach to performing LC which would potentially
allow the introduction of a checklist with the aim of reducing the
incidence of BDI.
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